ABSTRACT INTRODUCTION Non-occlusive small bowel necrosis (NOSBN) has been associated with early postoperative enteral feeding. The purpose of this study was to determine the incidence of this complication in an elective upper gastrointestinal (GI) surgical patient population and the influence of both patient selection and type of feeding jejunostomy (FJ) inserted, based on the experience of two surgical units in affiliated hospitals.
An increasing body of evidence indicates benefit from early postoperative enteral feeding. Maintenance of immune barrier integrity has been demonstrated in animal studies, 1, 2 as have decreases in major postoperative infections in trauma patients. 3, 4 In addition, patients undergoing complex upper gastrointestinal (GI) operations often require prolonged nutritional support due to frequent complications that can restrict oral intake for an appreciable period postoperatively. Nutrition support, when feasible via the GI tract, is recommended in patients who are unable to have an oral intake for 5d ays or more. 5 Malnutritiona nd reduced dietary intake are known to increase morbidity and mortality in postoperative patients. The functionalb enefits of medium-term enteral feeding in some patients make a powerful argument for providing enteral access at operation and using it at an early stage. Several techniques have been described for postoperative enteral feeding after upper GI operations, including the nasojejunal route and percutaneous feeding jejunostomy (FJ). The main attraction of percutaneous FJ is that the tube is inserted under direct vision downstream to the most distal anastomosis and can be firmly secured in position, thus avoiding displacement by postoperative vomiting. Depending on local expertise and preference, the type of FJ employed may be ac ommercially-available needle catheter jejunostomy (NCJ) or at ube jejunostomy (TJ) using red rubber catheters, silicone drain tubing, 6 or soft latex T-tubes. 7 Universal use of aF Ji nt his context has been limited by its potential complications which, although occasional, are potentially fatal. There has been ad isturbing number of case reports of non-occlusive small bowel necrosis (NOSBN) occurring in surgical patients receiving enteral nutrition. Many of these reports have concerned patients with multiple trauma and may not be representative of those undergoing elective upper GI procedures. 6, [8] [9] [10] [11] [12] [13] The present study aimed to determine the incidence of this complication after such procedures plus the influence of both patient selection and type of FJ inserted.
Patients and Methods
The records were reviewed of 524 consecutive patients who received aFJafter an elective upper GI operation for either benign or malignant disease between 1997 and 2006 in two affiliateds urgical units. At least one of the authors was involved in every operation. Only patients with confirmed NOSBN at laparotomy were included in the study.D uring this time, one unit routinely inserted aNCJ as an adjunctive procedure at all operations, whilst the other unit selectively placed aT -tube TJ in patients deemed to have poor nutritional status, based on pre-operative assessment by the surgical team and dietician. 14 Patients were selected for enteral feeding if there was intra-abdominal sepsis, poor preoperative nutrition or anticipated delay in gastric emptying.
All FJs were inserted via astab incision in the abdominal wall and an enterotomy on the antimesenteric border of a segment of jejunum approximately 20 cm downstream to the most distal anastomosis. Needle catheter jejunostomies were performed by as tandard technique,i nw hich a9 -Fr catheter (Freka, Fresenius Ltd, Warrington, UK) was inserted into asubmucosal tunnel for 8cmand then into the jejunal lumen for adistance of 20 cm. Tube jejunostomies were performed by inserting a1 4-Fr latex T-tube. All FJs were secured with an absorbable purse string suture; the jejunostomy site was then sutured to the peritoneal lining of the abdominal wall to exclude the enterotomy site from the peritoneal cavity.
Postoperative enteral feeding was started as soon as the patient was haemodynamically stable and fully resuscitated, typically within 24 ho fo peration. Feeding was commenced at 30 ml/h via ap ump, using as tandard protocol based on the Schofield equation 15 to provide an intake of 1931 ±2 41 kcal/day,a nd was then increased as tolerated. Feeds contained ac ombination of partially hydrolysed protein, carbohydrate and fat in the form of medium-chain triglycerides.
Results
Six cases of NOSBN were identified over 120 months in 524 patients fed enterally via FJ following elective upper GI surgery,g iving an overall incidence of 1.15% (Table 1 ). There were four men and two women of median age 60 years (range, 39-76 years; Table 2 ). In the routine NCJ unit, NOSBN developed in three patients with total gastrectomy (two for gastric carcinoma and one for non-Hodgkin'sl ymphoma) and two patients with pylorus-preserving proximal pancreatoduodenectomy or PPPP (one for carcinoma of the head of pancreas and one for intraductal papillary mucinous tumour [IPMT]), giving an incidence of 1.16% among 430 patients. In the selective TJ unit, the only patient with NOSBN had undergone PPPP for carcinoma of the head of pancreas, giving an incidence of 1.06% among 94 patients.
All six patients who developed NOSBN had begun enteral feeding with apolymeric formulation on the first postoperative day (Table 2) . Median rate of feeding at time of diagnosis was 105 ml/h (range, 75-125 ml/h); two patients failed to reach maximal feeding rates as ar esult of minor feedrelated problems (abdominal discomfort and nausea). The diagnosis of NOSBN was made at amedian of 6days (range, 4-18 days) postoperatively,f our patients being diagnosed within 7d ays and two at approximately 2w eeks. 
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patients had potential precipitating causes: one had an episode of hypotension secondary to haemorrhage from a displaced abdominal drain 3d ays before diagnosis, and the other patient was receiving inotropic support (noradrenaline and dopamine) at the time of diagnosis. All patients developed abdominal distension, hypotension and tachycardia within the 24 hb efore re-exploratory laparotomy.T hree patients were investigated with computed tomography (CT) before laparotomy.O ne patient who developed symptoms at 5days demonstrated extensive portal venous and intramural bowel gas (Fig. 1A,B) , while the scans of two patients who developed symptoms at 2w eeks were essentially normal. The decision to re-operate was always made on clinical grounds. At operation, one patient 
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had patchy necrosis of the small bowel and ascending colon, two patients had patchy necrosis of the small bowel, one had confluent necrosis of the entire small bowel and two patients had necrosis of the proximal jejunum only. There was no evidence of kinking of the intestine from adhesions or of occlusion of the superior mesenteric artery or vein, nor was there evidence of displacement or erosion of any FJs. Four patients had no further procedure and died within 24 h. Tw op atients had small bowel resections (one extensive, the other limited) with ileostomies. One died 5 days later,the other survived with residual multiple enteric fistulas. Histological examination of the resected specimens revealed foci of ischaemic changes with sloughing and ulceration of mucosal surfaces, foci of transmural necrosis and multiple perforations.
Discussion
Patients undergoing oesophageal, gastric and pancreatic surgery pose two particular challenges:they are frequently malnourished at the time of operation, and they may require prolonged nutritional support because of postoperative complications that preclude early oral feeding. Insertion of aF Jb oth anticipates and treats these problems. Non-occlusive small bowel necrosis is now recognised as ar are, but often fatal, complication of enteral tube feeding after elective upper GI or traumas urgery.I th as been suggested that the incidence of major complications is lower in those with elective operations who do not have the deleterious systemic effects of multiple trauma. 7 However,t he 
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overall incidence of NOSBN among our elective upper GI surgical population (1.15%) is comparable not only to the incidence reported in other upper GI series (0.15-5.88%) but also to the incidence reported in trauma patients (0.23-4.65%). 6, [8] [9] [10] 12, 13 There was no obvious difference in incidence between the unit routinely inserting NCJs and the unit selectively inserting TJs (1.16 versus 1.06% ). This finding is in line with other series: the reported incidence after routine insertion of an FJ has ranged from 0% among 262 patients reported by Sica and colleagues It has been suggested that NOSBN is the result of early aggressive enteral feeding. Tube feeding was commenced within 24 ha nd increased in as tep-wise fashion as tolerated in all our patients, although two failed to reach maximal feeding rates as ar esult of minor feed-relatedp roblems. The type of enteral formula could play ar ole. 12 All our patients received ap olymeric formula. Perhaps am ore refined elemental diet would have been better tolerated, yet it may not avoid NOSBN (Table 3) .
The mechanism of NOSBN in surgical patients may be multifactorial. Although systemic hypoperfusion is commonly believed to predispose to intestinaln ecrosis, NOSBN is extremely unusualinunfed patients who survive resuscitation from haemorrhagic shock. Nevertheless, one of our patients had an episode of transient hypotension 3d ays before diagnosis. Several factors permit the gut to survive short periods of profound hypoperfusion. Thus when reduction in intestinal perfusion pressure is modest, autoregulation and ac ompensatory increase in oxygen extraction will prevent mucosal injury.I na ddition, increased sympathetic nerve stimulation shifts the autoregulationc urve to the right (i.e. tissue blood flow occurs at higher pressures). 24 Factors that reduce mesenteric blood flow in response to feeding -low cardiac output, incompletefluid resuscitation, hyptension, atherosclerotic vascular diseas and congestive heart failure -m ay contribute to NOSBN. One of our patients was on ionotropes, and noradrenaline and dopamine both cause α 1 -adrenergic stimulation. As there are dense adrenergic plexuses in submucosal arteries and arterioles,v asconstrictive α 1 -adrenergic stimulation will reduce intestinal mucosal blood flow and thus, theoretically,p redispose to NOSBN. 25 Many clinical and pathological features of NOSBN are similar to neonatal necrotising enterocolitis, and several theories attempt to explain both conditions. The obligatory absorption of intraluminal nutrients may adversely increase energy demands in metabolically stressed enterocytes; splanchnic blood flow can increase by 150% after meals. 26 By increasing splanchnic flow with continuous feeding, the threshold for bowel ischaemia in the presence of hypoperfusion or inadequate resuscitationm ay be lowered. Alternatively,e nteral nutrition administered on the background of an ileus allows bacterial overgrowth, and intraluminal gas production causing distension couldi mpair mucosal perfusion. 12 Enteral nutrition might aggravate this process by generating intraluminal toxins that injure the mucosa.
To avoid af eeding enterostomy,p atients could either be kept nil-by-mouth with its attendant catabolic consequences or receive total parenteral nutrition despite the risks of catheter sepsis. Short of abandoning the use of FJs with their potential benefits, it is unlikely that NOSBN can be completely prevented. Its incidence in the present study certainly suggests that it should be withheld in those patients deemed to be at high risk with an open abdomen, planned repeat laparotomies or marked bowel oedema. 6 In addition, feeding should be interrupted in the face of haemodynamic instability,marked abdominal distension or increased pain.
If postoperative jejunostomy feeding is to be used, it should probably be delayed for 48 htoallow full assessment of the risk factors for small bowel necrosis. Feeds with alow osmolarity should be used, proceeding at al ow rate. Any evidence that enteral feed tolerance is inadequate should be an indication for parental nutrition. TPN should be given to patients in whom there is enteral feed intolerance or evidence of inadequate gut function.
